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Abstract 

Purpose: To explore the anti-melanogenetic effects of Lactobacillus Kimchicus-fermented Ficus caria 
fruits and leaves extracts (KFFE) in B16F10 mouse melanoma cells. 
Methods: The anti-melanogenetic effects of Lactobacillus Kimchicus-fermented Ficus caria fruit and 
leaf extracts (KFFE) were assessed using melanin contents assay and tyrosinase expression and 
activity assay in α-MSH-treated B16F10 mouse melanoma cells. 
Results: The KFFE reduced α-MSH-mediated melanin synthesis in B16F10 mouse melanoma cells, 
while the tyrosinase mRNA expression was down-regulated by KFFE in B16F10 mouse melanoma cells 
(p < 0.05). Furthermore, cellular tyrosinase activity was downregulated by KFFE in B16F10 mouse 
melanoma cells (p < 0.05).  
Conclusion: KFFE functions to repress melanin synthesis and thus, can potentially be used as a 
cosmetic ingredient. 
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INTRODUCTION 
 
Various external stimuli continuously assail the 
body. However, almost all the external stimuli are 
blocked by the epidermis (the outermost layer of 
skin) [1]. Ultraviolet radiation, one of these 
external stimuli, can penetrate the structural 
block layer and induce photo-aging [2,3]. 
Exposure to ultraviolet radiation causes burns, 
inflammation, inhibition of the immune response, 
and damage to skin connective tissues. 
Persistent ultraviolet exposure destroys skin 
structure and ultimately causes photo-aging and 

skin cancer [4]. Thus, the epidermis prevents UV 
radiation from passing through the skin by 
synthesizing melanin [5,6]. The melanin is 
synthesized in melanosome of melanocytes and 
is induced by various factors, such as ultraviolet 
light, cytokines, growth factors and hormones, 
and through various mechanisms [7,8]. When 
melanogenesis (synthesis of melanin) is initiated 
by such factors, tyrosinase is expressed which 
then sequentially catalyzes the oxidation of L-
tyrosine (one of the amino acids, to melanin in 
melanosome) [9,10]. Since the synthesized 
melanin is distributed to keratinocytes, skin is 
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able to resist ultraviolet radiation [11,12]. 
However, abnormal melanogenesis causes 
cosmetic disorders, such as melasma and 
freckles, and non-uniform pigmentation which 
causes skin to age [13]. Therefore, the cosmetics 
industry seeks to address the issue of skin aging 
by regulating melanogenesis [14,15]. Currently, 
whitening agents used in the cosmetics field 
include arbutin and kojic acid, which inhibit 
tyrosinase activity [14,16,17]. However, since 
these whitening agents are beset by problems of 
stability and safety, only a limited amount is 
used. Thus, development of whitening materials 
using products from natural source is required 
[15]. This study therefore seeks to investigate 
Lactobacillus Kimchicus-fermented Ficus caria 
fruit and leaf extract as a possible whitening 
agent by testing its ability to inhibit α-MSH-
mediated melanogenesis in mouse melanoma 
cells. 
 
EXPERIMENTAL 
 
Cell culture 
 
The B16F10 mouse melanoma cells were 
purchased from Korea cell line bank (KCLB, 
Korea) and grown in 10 % fetal bovine serum 
(FBS; Sigma-Aldrich, USA), penicillin 100 
units/mL and streptomycin 100 µg/mL (Gibco, 
USA) - containing Dulbecco’s modified Eagle’s 
medium (DMEM; Gibco) at 37 oC in 5 % CO2 in a 
humidified condition. 
 
Preparation of Lactobacillus Kimchicus-
fermented Ficus caria fruit and leaf extracts 
(KFFE) 
 
Ficus caria fruits and leaves (ratio of fruits and 
leaves weight = 1:1) were washed and dried in a 
dry oven at 60 oC (Daehan Science, Korea). The 
dried Ficus caria fruits and leaves were 
pulverized, and the contents were extracted 
using 70 % ethanol with over 20 kHz ultrasonic 
waves for 2 h. After the extraction, the ethanoic 
extract was filtered with Whatman filter paper No. 
2 (GE Healthcare Life Science, USA), and 
ethanol was removed from the extract of Ficus 
caria fruits and leaves using a rotary evaporator 
(EYELA, Japan). Then, Lactobacillus Kimchicus 
was incubated in the extract of Ficus caria fruits 
and leaves and incubated for 72 h. After 
fermentation, KFFE was fully dried with a 
lyophilizer (Ilshin, Korea). The dehydrated extract 
was dissolved in dimethyl sulfoxide (DMSO). 
 
Cell viability assay 
 
Cell viability was determined with 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) assay. The B16F10 cells (3 x 
103) were seeded in each well of the 96 well 
plate and grown to 80 % confluence. In addition, 
KFFE was added to the culture for 48 h, and then 
0.5 mg/mL MTT was added (Sigma-Aldrich). 
Then the MTT formazan was dissolved in DMSO 
and the amount of MTT formazan was measured 
by a Microplate Reader (Molecular Device, USA) 
at 595 nm wavelength. 
 
Evaluation of melanin contents 
 
All B16F10 cells (3 x 103) were seeded in each 
well of the 96-well plate and grown to 80 % 
confluence. Then, KFFE and α-MSH (100 ng/mL) 
were added to the culture for 48 h. After the 
experiments, all samples were lysed using 1 N 
sodium hydroxide solution (Biopure) at 95 oC for 
15 min. Melanin content was determined using 
optical density at 450 nm. The melanin content 
was normalized using total protein amount. The 
total protein of each lysate was measured by 
BCA Assay (Thermo Fisher Scientific, USA). 
 
Intracellular tyrosinase activity assay 
 
The B16F10 cells were lysed with Triton X-100 
lysis buffer (1 % Triton X-100, 150 mM NaCl, 50 
mM HEPES (pH 7.5) and 5 mM EDTA). The 
supernatant was separated from precipitate by 
centrifugation and reacted with 2 mM L-DOPA 
(Sigma-Aldrich) for 30 min at 37 oC. After the 
reaction, optical density was measured using a 
Microplate reader (Molecular Device) at 450 nm. 
The total protein content of each lysate was 
measured by BCA Assay (Thermo Fisher 
Scientific). 
 
Quantitative real time-polymerase chain 
reaction (qRT-PCR) 
 
Total RNAs were isolated using TRIzol 
(Invitrogen, USA). The purity and concentration 
of the total RNA was measured using a micro 
volume spectrophotometer (Maestrogen Inc., 
USA). The cDNAs of each sample were 
synthesized using reverse transcriptase (Qiagen, 
Germany) according to the manufacturer’s 
protocol. Quantitative real-time PCR was 
performed using Real-Time PCR (Applied 
Biosystems, USA).  
 
Tyrosinase specific forward primer: 5’-
CAAGTACAGGGATCGGCCAAC-3’; Tyrosinase 
specific reverse primer: 5’-GGTGCATT 
GGCTTCTGGGTAA-3’. The PCR was performed 
using qRT-PCR premix (Solis Biodyne, Spain). 
All samples were normalized with β-actin. 
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Statistical analysis 
 
All experiments were repeated three times and 
data presented as mean ± standard deviation 
(SD). Student's t-test was analyzed for statistical 
significance using Excel 2018 (Microsoft, USA), 
and statistical outcomes was considered 
significant at p < 0.05. 
 
RESULTS 
 
Cell viability of KFFE in B16F10 mouse 
melanoma cells 
 
To reveal whether KFFE was cytotoxic to 
B16F10 melanoma cells, B16F10 cells were 
treated with KFFE at the indicated concentration 
for 48 h and then MTT assay was performed in 
KFFE exposed cells. As shown in Figure 1, 
treatment with KFFE caused no significant 
change in cell viability up to 50 μg/mL. Therefore, 
the following experiments on the anti-
melanogenesis effects of KFFE were performed 
within 50 μg/mL that had no cytotoxicity. 
 
KFFE decreased melanin contents in B16F10 
mouse melanoma cells  
 
To investigate the effects of KFFE on melanin 
contents, after treatment with α-MSH (100 
ng/mL) and KFFE simultaneously, the 
synthesized melanin amount was compared in 
KFFE treated B16F10 cells and α-MSH only 
treated B16F10 cells as a negative control 
(Figure 2). The KFFE reduced the melanin 
content in a concentration dependent manner. 
The melanin concentration was greatly inhibited 
at 50 μg/mL KFFE. Since melanin was produced 
by tyrosinase in melanosome, the tyrosinase 
activity was measured in subsequent 
experiments [8]. 
 
KFFE decreased tyrosinase activity and 
expression in B16F10 mouse melanoma cell  
 
To verify cellular tyrosinase activity in KFFE-
treated B16F10 cells, B16F10 cells were treated 
with 50 μg/mL KFFE and α-MSH (100 ng/mL). 
Cellular tyrosinase activity was decreased from 
100 % to 53.24 % by 50 μg/mL KFFE in 100 
ng/mL α-MSH treated B16F10 cells (Figure 3). 
Additionally, it demonstrated that the expression 
level of tyrosinase mRNA was decreased from 
100 to 37.24 % by 50 μg/mL LFFE in 100 ng/mL 
α-MSH treated B16F10 cells (Figure 4). There 
was no significant difference between control and 
KFFE treated cells (p > 0.5). Cytotoxicity was 
presented as a percentage compared to control. 
 

 
 
Figure 1: Cytotoxic effect of extracts of KFFE in 
B16F10 mouse melanoma cells  
 

 
 
Figure 2: Effect of KFFE on melanin contents in 
B16F10 cells (melanin content was measured by 
optical density at 450 nm). *P < 0.05 compared with α-
MSH only treated B16F10 cells 
 

 
 
Figure 3: Effect of KFFE on cellular tyrosianse activity 
in B16F10 cells. *P < 0.05 compared with α-MSH only 
treated B16F10 cells 
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Figure 4: Effect of KFFE on the expression of 
tyrosinase mRNA in B16F10 cells. #P < 0.05 
compared with non-treated B16F10 cells, *p < 0.05 
compared with α-MSH only treated B16F10 cells 
 
DISCUSSION  
 
Melanin synthesis is regulated by the expression 
of melanogenesis related enzymes [17-19]. In 
the early stage, tyrosinase converts L-tyrosine to 
L-DOPA, and then melanin is finally synthesized 
by tyrosinase, TRP-1 and TRP-2 from L-DOPA 
[19]. Therefore, in this study, the expression level 
of tyrosinase was first ascertained. Tyrosinase is 
a key regulator in melanin biosynthesis, using 
qRT-PCR. At the concentration of 50 μg/mL 
expression of tyrosinase, an essential enzyme 
for the production of melanin, was inhibited by 
KFFE. In particular, 50 μg/mL KFFE inhibited 
cellular tyrosinase activity 46.76 % in the α-MSH 
treatment group. Sequentially, melanin content 
was decreased by 50 μg/mL KFFE to 37.24 % 
compared to the α-MSH treatment group (100 
%). 
 
According to the results, this study postulates 
that KFFE inhibits the formation of melanin as 
well as the expression of melanin-related 
enzyme, and thus, has a whitening effect. 
Therefore, it can be used as an ingredient for 
whitening functional cosmetics. 
 
CONCLUSION 
 
The KFFE exerts an anti-melanogenesis effect in 
B16F10 cells by inhibiting cellular tyrosinase 
activity and expression of tyrosinase mRNA. Its 
anti-melanogenesis activity provides a 
pharmacological and cosmetic basis for the 
development of natural compounds for 
hypopigmentation therapy. 
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